Purpose. Examine associations between physical activity (PA) and spatial accessibility to environmental PA resources in Hawaii. Methods. Metabolic equivalents (METs) of mild, moderate, and strenuous PA were compared for accessibility with environmental PA resources within a population-based sample of Hawaiian adults (n = 381). Multiple linear regression estimated differences in PA levels for residing further from a PA resource or residing in an area with a greater number of resources. Results. No associations were found in the total sample. Analyses within subsamples stratified by ethnicity revealed that greater spatial accessibility to a PA resource was positively associated with strenuous PA among Caucasians (P = .04) but negatively associated with moderate PA among Native Hawaiians (P = .00). Conclusion. The lack of association in the total sample may be a consequence of Hawaii's unique environment. Results of stratified sample analyses are unique, providing groundwork for future examinations within parallel environments and among similar ethnic groups.
Statistical Analysis
Data analyses were performed using PASW Statistics 18.0 (2009, Chicago, IL). Descriptive statistics characterized the sample and described participants' accessibility to PA resources. Analysis of variance (ANOVA) F test was used to test for differences in mean METs of mild, moderate, and strenuous PA between demographic groups. Differences between groups with >2 categories were tested via least significant differences (LSD) post hoc analyses. Groups with >3 categories were adjusted for type I error using the Bonferroni correction (0.05/n).
Mean METs of mild, moderate, and strenuous PA were calculated for each 0.5-km interval and tested for differences between distances by using ANOVA F test. Similarly, differences in PA METs based on the density of PA resources were also examined via ANOVA. Confounding variables were initially indentified via linear regression and modeled as independent variables, including age, gender, ethnicity, education level, body mass index, and perceived health (5-point Likert-type scale; 1 = excellent to 5 = poor). Confounding effects were accounted for by calculating both unadjusted and adjusted means. Four participants had missing data on covariates included in the calculation of adjusted means; therefore, these same data were also excluded from unadjusted mean calculations.
Multiple linear regression was used to estimate mean differences in mild, moderate, and strenuous METs for participants residing further from a PA resource or in an area with added resources. Models examined both unadjusted and adjusted associations, controlling for covariates that were found to predict PA levels and effect model estimates (ie, age, gender, ethnicity, education, and perceived health). Parallel analyses examined the potential for disparity in accessibility to PA resources relative to PA behavior within subsamples stratified by ethnicity (Caucasian, Asian American, and NHOPI). Adjusted R 2 (R 2 adj )was used to calculate the proportion of variation in PA accounted for by the included independent and confounding variables.
Results
Descriptive statistics and mean METs of mild, moderate, and strenuous PA for study participants are presented in Table 1 . Participants were predominantly female (62%) with a mean age of 46.45 years (standard deviation = 17.13). The majority of participants self-identified as Caucasian (34%), Asian American (33%), or NHOPI (23%). As shown, the total mean METs of mild PA demonstrated statistically significant differences between groups based on age (P < .05), ethnicity (P < .008), income (P < .05), and perceived health (P < .005). For age, those in the 56+ years age-group showed significantly higher total mean METs of mild PA than both the 18-to 35-year-olds (mean difference [MD] = 2.22, standard error of the mean [SEM] = 0.99) and the 36-to 55-year-olds (MD = 2.39, SEM = 0.92). Caucasians reported significantly more mild PA METs than both Asian Americans (MD = 3.96, SEM = 0.92) and Other/Mixed participants (MD = 3.77, SEM = 1.30). Participants reporting "very good" health were higher than participants reporting "good" (MD = 3.34, SEM = 0.93). Finally, participants with an annual income <$30 000 reported significantly less mild METs than those with an annual income between $30 000 and $50 999 (MD = 3.06, SEM = 1.01) and participants with an income ≥$60 000 (MD = 2.14, SEM = 0.98).
The mean METs of moderate PA for the total sample was 18.66 ± 0.61, demonstrating significant subgroup differences based on age (P < .05), ethnicity (P < .008), and income (P < .05).
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LSD post hoc analyses revealed lower moderate PA METs among 36-to 55-year-olds compared with both 18-to 35-year-olds (MD = 3.62, SEM = 1.46) and the 56+ years age-group (MD = 3.09, SEM = 1.46). Caucasians were higher compared with Asian Americans (MD = 6.89, SEM = 1.46); and participants with a $30 000 to $50 999 annual income were significantly higher compared with those reporting <$30 000 (MD = 6.13, SEM = 1.59) and ≥$ 60 000 (MD = 3.52, SEM = 1.51).
The mean METs of strenuous PA for the total sample was 21.10 ± 1.00 with differences based on gender (P < .05), ethnicity (P < .008), income (P < .05), and perceived health (P < .005). LSD post hoc analyses demonstrated higher moderate METs among participants reporting a $30 000 to $50 999 annual income compared with those with an income <$30 000 (MD = 6.59, SEM = 2.69). Participants reporting "excellent" health were higher in strenuous METs compared with those The entries in boldface are statistically significant at P < .5; P < .008 (ethnicity), and P < .005 (perceived health). b P value from analysis of variance for differences in mean METs.
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Asia-Pacific Journal of Public Health 27 (2) perceiving "good" (MD = 12.04, SEM = 3.00), "fair" (MD = 10.54, SEM = 3.60), and "poor" health (MD = 18.23, SEM = 4.84); and "very good" health participants were higher than those reporting "good" (MD = 7.95, SEM = 2.41) and "poor" health (MD = 14.14, SEM = 4.50). Table 2 presents the mean METs of PA levels by proximity to PA resources. The majority of study participants (69%) lived within 2.5 km of a PA resource; however, 14% of participants remained without access within a distance of 4.5 km from their residence. There was a fairly equal distribution across 0.5-km buffers, ranging from 3% of study participants with a PA resource within 4.5 km to 19% with a resource within 1.0 km. In both the unadjusted and adjusted models, no difference was detected at any level of PA based on closest proximity to a PA resource. Table 3 presents the mean METs of PA by the density of resources accessible between 0.5 and 10 km of participants' residence. The total number of PA resources ranged from 1 to 32 with the largest proportion of participants (14%) having access to between 21 and 25 resources within 10 km of their place of residence. Conversely, a similar proportion of participants (12%) had access to only 1 PA resource within a 10-km distance. No differences were detected for any level of PA between density subgroups, when categorized by sample size for a balanced comparison ( Table 3 ).
Physical Activity by Environmental Accessibility to Resources
Association of Physical Activity and Environmental Accessibility to Resources
Multiple regression outcomes are presented in Table 4 , which examined the influence of proximity and density on study participants' mean METs of mild, moderate, and strenuous PA. As seen, residing 0.5 km nearer to PA environmental resources was not associated with PA at any level, nor was it associated with having access to additional PA resources in both the unadjusted and adjusted models. Gender was significantly associated with participants' strenuous PA METs (P = .05), with males demonstrating a higher mean (24.63) compared with females (19.44). Perceived health was significantly associated with the mean METs at all levels of PA, demonstrating 
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increased METs among those perceiving better health. Finally, ethnicity was significantly associated with mean METs of both mild and moderate PA. Table 5 presents the results of multiple regression analysis performed in samples stratified by ethnic categorization. The density of PA resources demonstrated varying degrees of influence on participants' PA, depending on ethnicity and level of PA. Specifically, living 0.5 km nearer to a PA resource was positively associated with strenuous PA among Caucasians (n = 126; β = 0.19, P = .04, R 2 adj = 0.03), negatively associated with NHOPI's moderate PA (n = 84; β = −0.34, P = .00, R 2 adj = 0.10), but had no association with PA among Asian Americans (n = 119). Proximity to the nearest resource was only influential for moderate PA among NHOPI participants, demonstrating a negative association (β = −0.25, P = .03, R 2 adj = 0.05). Interestingly, the demographic variables controlled for in the regression models demonstrated variable influence between ethnic subsamples. Perceived health was negatively associated with strenuous PA among Caucasians (2) (β = −0.28, P = .00) and Asian Americans (β = −0.26, P = .01); however, there was no confounding effect found among NHOPI participants. Furthermore, gender only influenced the strenuous PA of NHOPI participants (P = .00); and age was only negatively associated with Asian Americans' PA at both the moderate (β = −0.20, P = .04) and strenuous levels (β = −0.25,P = .01).
Discussion
The current study examined the relationship between spatial access to environmental PA resources and adults' mild, moderate, and strenuous activity in addition to examining the relationship in stratified samples based on ethnic categorization (Caucasian, Native Hawaiian, and Asian American). In a diverse sample of adults living in Hawaii, there were no differences detected in PA by spatial access to supportive PA resources. Similarly, accessibility was not a significant predictor of PA at any level; however, associations were detected when examined in specified ethnic subsamples. Specifically, greater access to PA resources using a measure of Abbreviations: METs, metabolic equivalent; SD, standard deviation; β, standardized coefficient; SEM, standard error of mean; BMI, body mass index; Proximity, distance (km) to nearest physical activity resource by 0.5-km buffer distances; Density, total physical activity resources within 10 km of participants' residences; NHOPI, Native Hawaiian/Other Pacific Islander. a The entries in boldface are statistically significant at P < .5.
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NP295 density was associated with higher levels of strenuous PA among Caucasians. Conversely, density and proximity of PA resources were both negatively associated with NHOPI participants' moderate PA. First, greater accessibility to PA resources had no influence on participants' PA, which is contrary to the study hypothesis and previous research. Out of 13 review articles summarized by Bauman and Bull, 12 11 reported a consistent positive relationship between adults' activity levels and both proximity to PA resources and greater resource density. To our knowledge, the current study is the first to examine spatial accessibility and PA in Hawaii, which is home to many unique environmental factors that may be contributing to this inconsistency. The small size of the Hawaiian Islands relative to mainland United States may lessen the importance of proximity, such that islanders focus more on their travel intention rather than the distance to their destination. Furthermore, only 8 study participants had zero PA resource opportunities within 10 km, and more than half (51%) had 7 or more; hence, the environmental opportunities for PA in Hawaii are highly dense and fairly balanced. In light of Hawaii's natural proximity and dense source of PA resources, study participants may be desensitized to the influence of spatial accessibility; therefore, having limited influence on their PA. Second, the 51% of participants residing on the island of Oahu are provided with excellent opportunities for public transport. The Honolulu Rapid Transit has an annual ridership of approximately 70.6 million passengers on a fleet of 532 buses, 21 minimizing distance as a potential barrier to PA resource accessibility.
Similarly, the 29% of participants living in the city of Honolulu may be surrounded by numerous PA resource options; however, many facilities may require membership fees that are not affordable for many. Likewise, high accessibility may be irrelevant to low-income individuals who work multiple jobs and lack the time and/or resources to participate in the activities offered by their surrounding environment. The perceived safety of certain resources is another factor requiring consideration. For example, a certain PA resource within one's neighborhood may not be viewed as a safe gathering place because of drug-related and/or sex-related crime. Also, because of the compact nature of the Hawaiian Islands, walking to a PA resource may require traveling through unsafe neighborhoods or high traffic areas that are not walk friendly. In general, the lack of detail relative to the types of PA resources in the current analysis makes data interpretation difficult and should be considered in the future.
The ethnic diversity of the current study population revealed interesting differences that require consideration in future investigations. Unlike previous research, current analyses detected no disparity in PA resource accessibility. Instead, outcomes demonstrated equality in spatial accessibility across ethnicities, differing from previous reports. For instance, 2 nationally representative cohort studies documented significantly lower accessibility to PA resources among high-minority groups and communities. 12, 16 Furthermore, a longitudinal investigation reported that parents of non-Hispanic black youth perceived significantly higher activity barriers compared with parents of white youth, including transportation problems, lack of participation opportunities, high expense, and safety. 22 Given the uniqueness of the Hawaiian Islands, direct comparison with other areas may be inappropriate. Moreover, the ethnic groups experiencing disparity on mainland United States differ greatly from those in Hawaii, potentially facing distinct barriers to PA resource accessibility. Accordingly, the current lack of ethnic disparity is a novel finding and potential consequence of Hawaii's unique population and environment.
Stratification of the current population-based sample generated homogeneous subsamples based on ethnicity, facilitating lower within-group variation and more accurate outcome interpretation. First, a higher density of PA resources was significantly associated with increased strenuous PA among Caucasians, which supports our hypothesis and previous research. [11] [12] [13] Contrary to this, greater accessibility (both density and proximity) to PA resources was negatively associated with the moderate PA of NHOPI participants. Previous research examining the influence of resource accessibility on PA between ethnicities has been mixed, [23] [24] [25] with little to NP296 Asia-Pacific Journal of Public Health 27 (2) no specific examinations among NHOPI; therefore, the following inferences are only suggestive. First, many NHOPI families live on or near the beach, which may mask beach parks as an opportunity to be physically active and represent more of a gathering place for friends and family. Second, NHOPI individuals perceive family involvement as essential for adopting and sustaining healthy behaviors, 26 which may involve more group-based activities that are not perceived as PA or at a level less (or more) than moderate. Also, NHOPI may feel stigmatized from gyms or other recreational facilities with primarily Caucasian members. Last, the NHOPI ethnicity category includes multiple groups (eg, Micronesian, Samoan) that differ significantly in their beliefs and lifestyles. This is similar to the Asian American categorization, including Japanese, Chinese, and Korean. To fully understand the environmental influence on PA, future research must consider the uniqueness between the ethnic subgroups within these larger categories.
There are specific strengths and limitations of the current study that should be noted. Similar to previous research, the current study used simple measures of accessibility that did not account for the characteristics or quality of the resources (eg, safety, cost). There is further difficulty in operationalizing accessibility as the existence of a PA resource within a geographic unit of aggregation (eg, zip code, neighborhood). 9 For instance, an individual may live across from a public pool that is located within a different zip code and not counted. Finally, the current crosssectional study design prevents causal inferences and cannot fully account for the potential bias of individuals self-selecting into neighborhoods that support their behavioral choices. Study strengths include research among a highly diverse and understudied population, spatial accessibility examined as both proximity and density, and analyses at multiple distances and densities. This is the first study of spatial accessibility in relation to PA to be reported in the Hawaiian Islands, providing groundwork for future research in parallel environments.
Conclusion
The current study is among the first to examine spatial accessibility and PA in Hawaii, which includes unique environmental characteristics. Additional research is warranted that specifically examines PA levels based on differing environmental characteristics (eg, urban, suburban, and rural), which may help illuminate the mechanisms by which accessibility to resources influences PA levels. Given the projected increase of minority populations and their increased risk for obesity-related diseases, it is critical to understand the environmental factors that promote PA across a broader population. Such information may help inform policy makers and urban planners regarding how environmental modifications can better facilitate PA, reduce obesity and related diseases, and eliminate health disparities.
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